Abstract. Fe(100) bcc single-crystal film, Fe-B amorphous film, and Fe-B film consisting of a mixture of epitaxial bcc(100) crystal and amorphous are prepared on MgO(100) single-crystal substrates. The influence of crystallographic property on the magnetostriction behavior under rotating magnetic fields is investigated. The output waveform of magnetostriction is sinusoidal for the amorphous film, whereas that of single-crystal film shows a triangle shape. 90° magnetic domain walls are observed for the single-crystal Fe film and the film shows a four-fold symmetry in in-plane magnetic anisotropy. The observation of triangle waveforms is related to the domain wall motion in magnetically unsaturated Fe(100) bcc film under rotating magnetic fields. A distortion from triangle wave is observed for the Fe-B film consisting of a mixture of bcc-crystal and amorphous. The magnetostriction behavior is influenced by the magnetization structure.
Introduction
Soft magnetic materials have been widely used in applications like transformers, motors, and magnetic devices, where the materials are often exposed to alternating magnetic fields. In order to apply soft magnetic materials for such practical applications, it is important to understand the magnetostriction behavior under rotating magnetic fields. However, there are few reports on the magnetostriction behavior under rotating fields [1] [2] [3] . The magnetostriction is considered to be influenced by the magnetic anisotropy and the crystallographic property of the material.
Fe and FeB-alloy are typical soft materials. As the B content increases, the crystallographic structure of FeBalloy varies from bcc-crystal to amorphous. In order to investigate the magnetostriction of materials with magnetic anisotropies, it is useful to employ an epitaxial single-crystal thin film, because the film uniformity and the magnetic anisotropy are controlled by the orientation of single-crystal substrate. In our previous study [4] , the effects of Fe/B composition and formation temperature on the crystallographic properties of FeB-alloy films were investigated. In the present study, Fe(100) singlecrystal film, FeB amorphous film, and FeB film consisting of a mixture of bcc(100) crystal and amorphous are prepared on single-crystal substrates by adjusting the Fe/B composition and the substrate temperature. The relationship between crystallographic property and magnetostriction behavior under rotating fields is investigated.
Experimental procedure
Thin films were prepared on polished MgO(100) substrates by using a radio-frequency (RF) magnetron sputtering system equipped with a reflection high-energy electron diffraction (RHEED) facility. The base pressures were lower than 4 × 10 -7 Pa. The thickness of MgO substrate was 500 µm. Before film formation, substrates were heated at 600 °C for 1 h in the ultra-high vacuum chamber to obtain clean surfaces. The surface structure was checked by RHEED. Figure 1(a) shows the RHEED pattern observed for an MgO(100) substrate after heating. The diffraction pattern corresponds to a clean MgO surface, as shown in the spot map of figure 1(e).
Three kinds of films with different crystallographic properties were prepared by adjusting the Fe/B composition and the substrate temperature. An Fe film consisting of epitaxial bcc-crystal, an Fe 87 B 13 (at. %) film consisting of a mixture of epitaxial bcc-crystal and amorphous, and an Fe 75 B 25 film consisting of amorphous were formed on MgO substrates at 300, 400, and 300 °C, respectively. The film thickness was fixed at 500 nm.
The surface structure was studied by RHEED. The structural properties were investigated by X-ray diffraction (XRD) with Cu-Kα radiation (wave length: 0.15418 nm). The magnetization curves were measured by using a vibrating sample magnetometer. The magnetostriction was measured by cantilever method using a laser displacement meter under rotating magnetic 
where S is the measured bending, L is the distance between laser beam points, t is the thickness, E is Young's modulus, v is Poisson's ration, and the subscripts of f and s respectively refer to film and substrate.
3 Results and discussion The bcc(100) lattice is rotated around the film normal by 45° with respect to the MgO(100) lattice. In this configuration, the lattice mismatch between Fe film and MgO substrate is -3.7%. Perp.
-500 500 
where α is angle of magnetizaton direction with respect to bcc[010]. Free energy of the whole system is consisting of an anisotropy energy and the energy supplied from rotating magnetic field. The free energy is given by 
Conclusions
Fe single-crystal film, Fe-B amorphous film, and Fe-B film consisting of a mixture of bcc-crystal and amorphous are prepared. The influence of crystallographic property on the magnetostriction behavior under rotating magnetic fields is investigated. The output waveform of magnetostriction under rotating magnetic field measured for the Fe(100) single-crystal film is a triangular shape, while that of amorphous Fe-B film is a sinusoidal shape. The Fe-B film consisting of bcc(100) crystal and amorphous mixture shows a deformed triangular shape. It is shown that the triangular magnetostriction behavior can be explained based on a magnetization structure model considering the 90° magnetic domain wall motion under a rotating magnetic field.
